Background Using 1998-2005 SEER-Medicare data, we examined the effect of diagnostic and treatment delays on all-cause and colorectal cancer (CRC)-specific death among US adults aged C 66 years with invasive colon or rectal cancer. We hypothesized that longer delays would be associated with a greater risk of death. Methods We defined diagnostic and treatment delays, respectively, as days between (1) initial medical consult for CRC symptoms and pathologically confirmed diagnosis (maximum: 365 days) and (2) pathologically confirmed diagnosis and treatment (maximum: 120 days). Cases (CRC deaths) and controls (deaths due to other causes or censored) were matched on survival time. Logistic regression analyses adjusted for sociodemographic, tumor, and treatment factors. Results Median diagnostic delays were 60 (colon) and 40 (rectal) days and treatment delays were 13 (colon) and 16 (rectal) days in 10,663 patients. Colon cancer patients with the longest diagnostic delays (8-12 months vs. 14-59 days) had higher odds of all-cause (aOR: 1.31 CI: 1.08-1.58), but not CRC-specific death. Colon cancer patients with the shortest treatment delays (\1 vs. 1-2 weeks) had higher odds of all-cause (aOR: 1.23 CI: 1.01-1.49), but not CRCspecific death. Among rectal cancer patients, delays were not associated with risk of all-cause or CRC-specific death. Conclusions Longer delays of up to 1 year after symptom onset and 120 days for treatment did not increase odds of CRC-specific death. There may be little clinical benefit in detecting and treating existing symptomatic disease earlier. Screening prior to symptom onset must remain the primary goal to reduce CRC incidence, morbidity, and mortality.
Introduction
Colorectal cancer (CRC) accounted for an estimated 143,460 new cases of cancer in 2012 and is the second leading cause of cancer deaths in the US [1] . Early case finding of cancers prior to symptom onset using CRC screening results in dramatically improved survival [2, 3] . However, while recommended for healthy asymptomatic adults aged 50 and over, only two-thirds (65.4 %) of eligible adults met screening guidelines in 2010 [4] . As a result, many CRC patients are not being tested or diagnosed until they experience symptoms.
Stage at diagnosis is the single most predictive factor for CRC survival [1] . By diagnosing and treating CRC cancers at earlier and less-advanced stages, timely diagnosis and treatment of CRC may improve survival and other outcomes. However, the effect of diagnostic delays (time from medical consultation for CRC symptoms to diagnosis) and treatment delays (time from diagnosis to treatment initiation) on disease progression or mortality is uncertain [5] . In a systematic review, 20 of 26 studies on cancer delays showed no association between diagnostic or treatment delays and survival, while four showed that longer delay was associated with better prognosis and two showed an inverse association with worse prognosis [6] . In a companion meta-analysis, no statistically significant association was found between diagnostic and treatment delays and disease stage when considering colon and rectal cancers collectively. Analyzed separately, longer delays were associated with later stages for rectal cancer, but earlier stages for colon cancer [7] . More recently published studies demonstrated either no association of longer delays with stage or all-cause survival [8, 9] , U-shaped relationships with higher all-cause mortality among patients with the shortest and the longest delays [10, 11] , or differing results for colon and rectal cancer [12, 13] . The mixed findings in this literature have been attributed in part to method limitations, including analyzing colon and rectal cancers together, having small, under-powered samples, assumptions of a monotonic association [10] , or failing to control for the confounding factor of tumor grade [5] [6] [7] 10] .
The vast majority of existing research on this topic is based on European samples [6, 7, 10] . However, recent US studies have examined some components of delay, such as the time between surgical consultation and surgery, or between referral for endoscopy and diagnosis, and found little evidence for an effect on outcomes [14, 15] . To date, however, no population-based US study has described the overall length of either diagnostic or treatment delays or explored the effect of these delays on risk of death.
Because the effect of delays on risk of death remains uncertain, and the wait times for cancer surgery have increased over 20 % in the last decade in the US and are projected to increase [16] , the effect of timely cancer care deserves greater study. To address this critical knowledge gap, we examined, separately, the effect of the length of both diagnostic and treatment delays on the risk of death from colorectal cancer and from all causes in a populationbased cohort of older US adults with colon or rectal cancer using the linked Surveillance Epidemiology and End Results (SEER)-Medicare data. We hypothesized that longer delays would be associated with a greater risk of death.
Methods

Data sources
Data were obtained from an existing linkage of the 1998-2005 National Cancer Institute's SEER program data with 1997-2006 Medicare claims files from the Centers for Medicare and Medicaid. As detailed elsewhere [17] , linked SEER-Medicare data provide a rich source of information on Medicare patients included in SEER, a nationally representative collection of population-based cancer registries. Ninety-four percent of cancer patients reported to SEER aged 65 years or older have been successfully linked with Medicare data [17] . Data for this study were available from 12 registries representing approximately 14 % of the US population [18] , including states (Connecticut, Hawaii, Iowa, New Mexico, and Utah), metropolitan areas (Atlanta, Detroit, Los Angeles, San Francisco-Oakland, San JoseMonterey, and Seattle), and rural Georgia. This study was reviewed by the Institutional Review Board at Washington University and determined to be exempt.
Study population
We selected all male and female patients aged C 66 with a diagnosis of a first primary invasive colon or rectal cancer occurring from 1998 to 2005 who had full coverage by both Medicare Part A and Part B during this period. We excluded patients with in situ cancer because they may experience different symptoms and the urgency of their treatment differs from those with invasive disease. We excluded patients who had only autopsy or death certificate records, who were members of HMOs, or who had either un-staged or appendix cancer. We included only those aged C 66 to allow for one year of complete claims data prior to diagnosis to determine comorbidity.
We excluded patients with preexisting comorbid conditions (n = 2,540) of the gastrointestinal tract because they may experience shorter or longer delays in reporting or recognizing symptoms, obtaining appointments, or receiving endoscopy or a cancer diagnosis. Using International Classification of Diseases, Ninth Revision (ICD-9) diagnosis codes (see Supplementary Table 1) , we excluded patients with Cone inpatient claims or Ctwo physician or outpatient claims occurring C30 days apart occurring any time in the year prior to diagnosis for any of the following: inflammatory bowel disease, ulcerative colitis, unspecified colitis, Crohn's Disease, irritable bowel syndrome, diarrhea, diverticulitis, colon/anal/rectal polyps, personal history of malignant neoplasm of the lower intestinal tract, current benign neoplasm of lower intestinal tract, or family history of malignant neoplasm of gastrointestinal tract.
We excluded patients presenting for emergent procedures (n = 5,123) in order to limit the potential for bias in which patients presenting with emergencies have the shortest delays and, given more advanced disease, might also exhibit higher mortality [5] . Patients with intestinal obstruction or perforation (ICD-9: 560.30, 560.89, 560.9, 569.83) or with an emergency room visit or admission, indicated using an algorithm described elsewhere [19] , within a week of either diagnosis or surgery were excluded.
Diagnostic and treatment delays were analyzed separately. Patients without identified CRC-related clinical manifestations or symptoms (n = 994) in the year prior to diagnosis (presumably due to preventive screening) were excluded from the diagnostic delay analysis. Patients who did not receive any treatment in the 120 days after diagnosis (n = 979) were excluded from the treatment delay analysis.
Study design
In assessing the relationship between delays and a given outcome, biases and other errors may result when followup of groups does not begin at comparable time points in the natural history of a disease [5, [20] [21] [22] [23] . For example, patients' delays in reporting symptoms, especially when disease is advanced or rapidly progressing, may prompt a provider to hasten diagnosis and treatment, but may nonetheless result in a worse outcome. Conversely, early detection through screening or early reporting of symptoms may result in longer provider delays, but may nonetheless result in a more favorable outcome.
We conducted a matched case-control study rather than a survival analysis in order to avoid these potential errors and because preliminary analyses indicated that our data did not meet the proportional hazard assumption. For assessing the CRC-specific risk of death, cases were CRC patients who died of either colorectal cancer during the study period and controls were CRC patients who died from other causes or who were alive at the end of follow-up (31 December 2006) . For the analysis of all-cause risk of death, cases included patients who died of any cause during the study period, and controls were alive at the end of follow-up. Controls were matched to cases on survival time. Matching on survival time allowed cases and controls to have equal opportunity to experience clinical, treatment, and outcome events. Survival time was measured from the date of diagnosis to death/censoring date for diagnostic delay analyses and, to overcome immortal time bias, from the date of first treatment for treatment delay analyses. Because treatment delay patients who are alive are ''immortal'' between diagnosis and initial treatment, measuring survival from the time of diagnosis for these patients could result in an artificial survival advantage for those with longer treatment delays [24] [25] [26] [27] .
Study variables
We used SEER data to assess 2 outcomes: all-cause and CRC-specific (''colon excluding rectum'' or ''rectum and rectosigmoid junction'') risk of death. SEER cause of death data are highly valid and recent studies documented 85-95 % accuracy in studies of colorectal cancer [28, 29] . Date of death was assessed using Medicare claims because only month and year of death are available in SEER data.
Delay
We examined diagnostic and treatment delays separately because they represent different factors that are more or less modifiable occurring across the cancer control continuum (detection of symptoms, presentation to provider, diagnostic and pathology work-up, diagnosis, treatment referral, treatment initiation, etc.). For example, long treatment delays may indicate limited surgical capacity, whereas long diagnostic delays may indicate discontinuity of care during the transition between primary and specialty care.
In preliminary analyses, we confirmed previous reports [5, 10, 30] that suggested the association between delay and death is not linear and individuals with the shortest delays can have a higher risk of death. Therefore, we categorized delay and selected a referent group that did not reflect the shortest length of delay. Because quartiles or quintiles would be model-and data-specific and less clinically meaningful, we categorized delays using more meaningful periods of time as measured in weeks or months.
We defined diagnostic delay as the period in days between initial consultation for a CRC-related clinical manifestation or symptom and pathologically confirmed diagnosis (maximum of 365 days) as follows: \14, 14-59 days (referent), 2-4, 4-8, and C8 months. Treatment delay was defined as the period in days between pathologically confirmed CRC diagnosis and date of first treatment (maximum of 120 days) as follows: \1, 1-2 weeks (referent), 2-4, and C4 weeks. While there are no common standards in the US nor clinically recommended intervals for categorizing delay, these categorizations do reflect international standards that recommend treatment within either 2 weeks or 1 month after diagnosis [31] . In preliminary and sensitivity analyses, we considered Cancer Causes Control (2013) 24:961-977 963 other categorizations. Figure 1 demonstrates the definitions of diagnostic and treatment delays. The date of initial consultation was identified as the initial date on which a patient had a medical appointment for at least one clinical manifestation of CRC or CRCrelated symptom within the year prior to the pathologically confirmed CRC diagnosis. We searched outpatient, inpatient, and carrier claims for conditions relevant to the clinical signs of CRC. A comprehensive list of these conditions was initially developed using symptoms previously identified in systematic reviews of CRC symptoms [32, 33] and in a validated algorithm designed to distinguish preventive screening from diagnostic colonoscopy [34, 35] and was subsequently adapted for our study with the consultation of two practicing gastroenterologists and two certified medical coders. The final list includes 41 ICD-9 codes grouped into 13 clinically distinct categories (see Supplementary Table 2) .
We defined the date of diagnosis as the date of pathologically confirmed cancer using the following procedure. We searched Medicare carrier claims for the first notation of a tissue exam by a pathologist of a colorectal biopsy (Healthcare Common Procedure Coding System [HCPCS] [36] code 88305) with an associated diagnosis (line item diagnosis) assigned by the pathologist of invasive malignant CRC (ICD-9 codes 153.0-153.4; 153.6-154.8 or 209.12-209.17) occurring when either the claim first or last ''line expense date'' fell within a 60 day window (±30 days) surrounding the SEER diagnosis date. These dates represent the first and last days on the billing statement covering services rendered to the beneficiary. Of patients otherwise eligible, we captured a CRC-positive pathology report for 61.8 %. We used this method in lieu of the SEER diagnosis date in order to increase the precision of the diagnosis date; SEER diagnosis date is defined only as the month and year (no exact date is provided) in which the first diagnosis of cancer is made by a medical practitioner. We hypothesized that treatment may be delayed until a diagnosis is pathologically confirmed.
We defined the treatment date as the date of the first of any type of CRC treatment (including definitive surgery [colectomy/proctectomy or pelvic exenteration], chemotherapy, or radiotherapy) by searching inpatient, outpatient, and carrier claims using previously identified HCPCS and/or ICD-9 codes [37] . To avoid capturing palliative procedures, which may be provided after longer delays, we included only those procedures occurring within the 4 months after diagnosis in the analysis. The length of treatment delay was calculated as the number of days between the date of pathologically confirmed diagnosis and the first date of any treatment.
To calculate all symptom, diagnosis, and treatment dates, we used the line first expense date (the exact date on which a procedure was performed) that was associated with the relevant procedure when available. If not available, we used the claim ''from'' and ''through'' dates to define a single date. For the vast majority of claims for which the ''from'' date and ''through'' date matched (*94 %), that date was used. To avoid excluding all inpatient or ''bundled'' claims, we included claims where the two dates represented spans of 1-6 days (*4 %) and defined the midpoint of that span as the date of interest. However, to ensure adequate precision, we excluded patients (*2 %) with relevant claims with spans C7 days.
Covariates
Multiple covariates, selected based on previous literature [38, 39] Covariates obtained from Medicare claims included treatment (surgery alone, surgery with neo/adjuvant chemotherapy or radiotherapy, adjuvant chemotherapy and/or radiotherapy only, and no treatment), number of endoscopies in the year prior to diagnosis, comorbidity, preventable hospitalizations, and eligibility for both Medicare and Medicaid (dual eligibility). Claims were searched for HCPCS codes indicating surgical resection, chemotherapy, or radiotherapy occurring in the four-month period following diagnosis using codes reported elsewhere [37] . Following accepted practice [40] , we measured the total number of endoscopic procedures (both colonoscopies and sigmoidoscopies) in the year prior to diagnosis. To measure comorbidity, we searched inpatient or carrier claims for chronic conditions (e.g., myocardial infarction, diabetes, dementia) occurring between 1 and 12 months prior to diagnosis using the Klabunde adaptation of the Charlson comorbidity index [41, 42] . We classified comorbidity as none, one, or two or more. Preventable hospitalizations identify poor ambulatory health care outcomes and can represent a breakdown in access to or the processes of primary care. Following methods described elsewhere [43] , we searched inpatient claims for the year prior to diagnosis for several potentially preventable hospitalizations, including asthma, hypertension, pneumonia, and compared those with one or more to those with none. Finally, dual eligibility was defined as eligibility for Medicaid coverage for at least 1 month during the year before diagnosis.
Covariates at the census-tract level of the patient's residence were obtained from the 2000 census and included urban/rural status (metropolitan, micropolitan, or rural using Rural Urban Continuum Area codes) and the percent of population living in poverty (\9.9, 10-19.9, or C20 %).
Statistical analysis
We described patient characteristics by cancer type and case/control status using counts and proportions. Diagnostic and treatment delays were described using median and interquartile range along with counts and proportions.
Cases and controls were matched based on survival time, and the association of delay with death was examined using logistic regression. We used Coarsened Exact Matching (CEM) to match cases and controls based on ''coarsened'' categories of survival time, which were strata of one-month intervals. CEM performs exact matching by sorting observations into strata of survival time. Any strata that do not contain both Cone case and Cone control are discarded. For each observation, the proportion of cases to controls in the strata is used to create a CEM weight, which is used in all further analyses. Weights are based on the number of matched control observations per each case. The CEM method eliminates extreme values, restricting the matched data to areas of common empirical support and creating a counterfactual within the strata. The CEM approach offers advantages over other traditional 1:n matching methods, for example, that require a specific number of control subjects per each case [44, 45] .
After matching, we calculated unadjusted (OR) and adjusted odds ratios (AOR) between categories of diagnostic and treatment delay and the two death outcomes (CRC-specific and all other causes) using weighted logistic regression on the matched cases and controls. With the exception of age, gender, and race, which were retained in all models, covariates significant in bivariable analysis (p \ .05) were entered into an initial multivariable logistic regression model, and backward elimination based on the likelihood ratio test was used to trim the model. Given that stage may be a mediating factor between diagnostic delay and death and because treatment regimens are largely driven by stage, we stratified all models by stage, as suggested by others [12] .
To confirm the validity of our results, multiple sensitivity analyses were conducted. To check the effect of any misclassification due to our calculation of derived diagnosis and treatment dates, we re-analyzed all models using the midpoint of the month of the SEER diagnosis and SEER treatment dates. Next, we compared our results after matching cases and controls based on stage at diagnosis in addition to survival time as well as matching on survival time in 2-week intervals. Because there are no cutpoints that are universally accepted as clinically meaningful when measuring delays, we also re-analyzed the data using different cutpoints and categorizations (e.g., quintiles and using different referent categories). Notably, while multiple studies have examined the effect of treatment delays in excess of 3 months [6, 7] very few (\1 %) in our sample had such long delays, and we were unable to examine such long treatment delay intervals. Next, we examined treatment delays separately by type of first treatment (surgery vs. neoadjuvant therapies) as well as separately for those who only had surgery. Finally, because symptoms may reflect the location or aggressiveness of a tumor and may influence the length of delay, we also stratified diagnostic delay models by the four most common presenting symptom types. All analyses were conducted using STATA 11.0 (College Station, TX).
Results
Study sample
Of all 10,663 eligible patients, 7,346 were diagnosed with colon and 3,317 with rectal cancer. Among colon cancer patients, 2,974 died; of these, 1,661 (55.9 %) died of colorectal cancer. Among rectal cancer patients, 1,448 died; of these, 900 (62.2 %) died of colorectal cancer. Because not all patients had a claim for a symptom of CRC in the year prior to their diagnosis, 6,702 (91.2 %) of colon and 2,967 (89.4 %) of rectal cancer patients were included in the diagnostic delay sample. Because not all patients had a cancer treatment claim, 6,698 (91.2 %) and 2,986 (90.0 %) of colon and rectal patients, respectively, were included in the treatment delay sample. Median follow-up after diagnosis was 29.9 months for both colon and rectal Tables 1 and 2 .
Presenting clinical manifestations and symptoms
Patients presented for medical care regarding multiple symptoms and clinical manifestations in the year prior to their CRC diagnosis. For both cancer types, the four most common included anemia, rectal bleeding or rectal/GI hemorrhage, abdominal pain, and fatigue (Table 3) . Anemia was the most commonly diagnosed clinical manifestation among colon cancer patients at their first medical consultation for symptoms (33.7 %) and at any time (52.0 %). For rectal cancer patients, rectal bleeding or rectal/GI tract hemorrhage was the most commonly diagnosed symptom at the first medical consultation (41.6 %) and at any time (66.1 %). The length of delays varied by the first presenting symptom (Table 3) .
Diagnostic delays
Median diagnostic delays were 60 (colon) and 40 (rectal) days (Table 4) . In all, 23. 
Colon cancer delays and mortality
Results from colon cancer matched logistic regression analyses by stage and for the whole sample are presented in Table 5 . In adjusted analyses, compared to those with diagnostic delays of 14-59 days, colon cancer patients with the longest diagnostic delays (8-12 months) had higher odds of all-cause (AOR: 1.31; CI: 1.08-1.58) but not CRCspecific death. Longer treatment delays among colon cancer patients did not increase the risk of all-cause or CRC-specific death. In adjusted analyses, compared to those with delays of 1-2 weeks, colon cancer patients with the shortest treatment delays (\1 week) were more likely to die of allcauses (AOR: 1.23; CI: 1.01-1.49) but not CRC-specific death. Analyses conducted by stage do not demonstrate substantively different findings.
Rectal cancer delays and mortality
Results from rectal cancer-matched logistic regression analyses by stage and for the whole sample are presented in Table 6 . For rectal cancer patients, neither diagnostic nor treatment delays were associated with risk of all-cause or CRC-specific death in adjusted models. Analyses conducted by stage do not demonstrate substantively different findings.
Sensitivity analyses
We found good concordance of our calculated Medicare exact diagnosis date with the SEER dates (defined as midpoint of the month and year). For date of diagnosis, the mean difference was 1.3 days (SD = 9.7); for date of first treatment, the mean difference was 2.1 days (SD = 18.6). Using SEER diagnosis dates, we re-ran all analyses and the results did not substantively change.
We next tested the effect of using different matching methods: first matching on survival time in more precise, 2-week intervals, and second, matching on stage in addition to survival time. These strategies resulted in fewer matched strata and a larger number of unmatched patients. Next, to test for any bias resulting from our selected cutpoints and reference categories, we re-analyzed all models using different categorizations of delay (including modelspecific quartiles and quintiles) and different reference categories. Given that the vast majority of our sample had surgery as a first-line treatment, stratifying by first treatment type made no difference to the results. Analyzing 
Diagnostic delay sample n = 6,702
Treatment delay sample n = 6,698 Cases a n = 2,811 Controls n = 3,891 Cases a n = 2,634 
Discussion
Summary of findings
We examined diagnostic and treatment delays spanning the time between first presentation to a physician for clinical manifestations or symptoms of colorectal cancer until first treatment and assessed associations with all-cause and CRCspecific risk of death. Median diagnostic delays in our study were 60 and 40 days for colon and rectal cancer, respectively. Median treatment delays were 13 days for colon and 16 days for rectal cancer patients. Contrary to our hypothesis, we found little evidence to suggest that longer diagnostic (up to 12 months) or treatment (up to 4 months) delays were associated with greater odds of death. Our results showed that diagnostic delays of 8-12 months were associated with higher odds of all-cause death among colon cancer patients. However, this association was not found for CRC-specific deaths among these same patients, suggesting that an unmeasured confounding factor contributed to the association between longer delays and other causes of death. It is possible that the long (8-12 months) diagnostic delays in this situation do not directly affect the higher odds of all-cause death but are simply a consequence of prognostic factors such as performance status or a result of patient preferences that are not captured in the SEER-Medicare data.
Colon cancer patients with the shortest (B1 week) treatment delays had higher odds of all-cause death. Previous literature has also demonstrated that CRC patients with shorter delays have worse prognosis [5, 10, 30 ]. Although we attempted to limit our sample to nonemergent cases only, it is likely that this finding indicates higher odds of death among patients with emergent or urgent situations that were not excluded using our algorithm.
Policy and research context of findings
The Institute of Medicine's Crossing the Quality Chasm report identified timeliness of care as one of six aims of quality improvement in healthcare [46] . To our knowledge, no studies have been conducted in the US to test specific benchmarks regarding the timeliness of CRC care. In a comprehensive review of quality CRC care measures, two measures of timeliness were identified: (1) Time from patient presentation with symptoms to physician diagnosis and (2) Proportion of (diagnostic) colonoscopies that were completed in a timely fashion [47] . The review group concluded that neither of these benchmarks improved survival or other outcomes of interest, were appropriately validated, or based on evidence-based guidelines. Nevertheless, the US Veterans Affairs and other health systems abroad have adopted timeliness guidelines. For example, UK guidelines state that patients with suspected cancer should see a specialist within 2 weeks and treatment should begin within a month of diagnosis [48, 49] . Notably, a systematic review determined that all identified international benchmarks for cancer care were established solely on the basis of expert opinion only [31] .
Comparing estimates of delay across studies is difficult due to differing definitions of delay [5] . Nevertheless, other US studies also demonstrate longer diagnostic [15, 16] and shorter treatment [16] delays for colon (vs. rectal) cancer patients. Longer diagnostic delays in colon cancer could result from missed diagnoses or longer diagnostic workups or due to the more insidious nature of colon cancer symptoms [50] . Neoadjuvant treatments, which are more common in rectal cancer, require medical oncology referrals, which may delay initial rectal cancer treatment. Notably, we found a significant trend in increasing delays over time in our study (data not shown), which is consistent with other studies [16, 51] . Delays are expected to continue to increase given the continued growth of the elderly population, regionalization of surgical care, impending surgeon shortage, and increasing use of complex, multimodal treatments [16] . The effect of these predicted increases of delay over time on patient outcomes is uncertain.
The lack of an association between longer delays and increased risk of CRC-specific death in our study supports many, but not all, previously published studies [5, 6, [8] [9] [10] [11] [12] 52] . While somewhat counterintuitive, our finding is consistent with biological models of colorectal carcinogenesis wherein the majority of cancers arise in a temporally predictable sequence in which an average of 10-15 years elapse between the development of an adenomatous polyp and invasive cancer [53, 54] . Most symptoms are unlikely to present before the development of invasive cancer, such that the vast majority of the natural history of CRC is asymptomatic. We also found, for both cancers, that patients with longer diagnostic delays actually had earlier stage disease, refuting the common assumption that stage is an intermediate factor in the causal chain between diagnostic delay and survival [55] . Previous research has produced mixed results in regard to the effect of diagnostic delays on stage [7, 8, 13] . However, our matched casecontrol results may not be comparable to previous studies utilizing survival analysis.
Opportunities to decrease delays are available. In the Veterans Affairs system, for example, one-third of CRC patients had one or more missed opportunities to initiate an earlier diagnostic or endoscopic test [56] . Although intuitively appealing, policies and interventions designed to reduce delays in CRC could potentially cause harm in certain circumstances. For example, evidence suggests that timeliness and quality of CRC care are not synonymous. A Canadian study found that achieving the recommended four-week benchmark of time from diagnosis to surgery was more likely when patients did not receive recommended procedures such as preoperative staging imaging or neoadjuvant radiotherapy [57] . In the UK, the maximum two-week wait policy, designed to fast-track patients with suspected CRC for endoscopic evaluation, failed to positively impact patient outcomes. The policy also adversely lengthened waiting times for CRC patients diagnosed outside of the urgent referral system [58] .
Strengths and limitations
Our results should be interpreted in light of several limitations. First, our sample included only patients aged C 66 years insured with Medicare. Therefore, we cannot generalize to younger patients or those uninsured patients who likely experience longer delays as a result of reduced access to care. However, the effect of delays on risk of death is likely the same in other populations regardless of insurance status. Second, although we searched claims for diagnoses that were thought to represent CRC symptoms, we cannot confirm that these represented CRC symptoms exclusively, rather than other conditions. Additionally, we may have missed some clinically relevant CRC symptoms that were not captured by billing data. Third, by limiting delays to a maximum of 365 days (diagnostic) and 120 days (treatment), we may be artificially capping longer delays therefore biasing our results toward the null. However, based on previous research [9, 16, 51, 59, 60] , we suspect that the vast majority of patients, particularly a Medicare-insured population, have diagnostic delays within this range. Fourth, in our attempt to be as precise as possible when identifying the diagnosis date, we applied a strict algorithm, which limited the size of our sample and potentially the generalizability of our findings. Fifth, when studying diagnostic delay, survival time should ideally be measured from the date of first symptom [6, 20, 22] , rather than the date of diagnosis, but this was not possible in retrospective analyses of administrative data. Finally, although not associated with death, extended delays may contribute to other patient outcomes. Future research should explore the effect of delays on postoperative complications, hospital stay, hospital readmission, cost, quality of life, and psychosocial outcomes such as anxiety. Despite these limitations, our study has several advantages over previous studies. For example, we examined delays using a large population-based sample and estimated delay periods using administrative data, without relying on potentially unreliable patient estimates. In addition, we controlled for the confounding effect of tumor aggressiveness by including tumor grade in our models, and we further analyzed colon and rectal cancers separately. Notably, our sample size (n = 10,663) represents more than a threefold increase over the number of patients (n = 3,187) from all six previously published US studies combined on this topic [6, 9] . As the second leading cause of US cancer death, even a small reduction in CRC mortality could have a large societal impact. Because delays are potentially preventable and because they are projected to continue to increase in the future [16] , delays in cancer care should continue to be monitored.
Conclusions
In this, the first US population-based study to explore both diagnostic and treatment delays among CRC patients, we found that long delays of up to 1 year for diagnosis after the onset of symptoms and up to 120 days for treatment did not appear to increase risk of death. However, because our population was symptomatic or already diagnosed with cancer, our results should not be interpreted as casting doubts on the value of timely early detection via screening of pre-symptomatic individuals. Rather, evidence suggests that preventive screening prior to symptom onset for adults aged C 50 is highly effective and must remain the public health priority in efforts to reduce CRC incidence, morbidity, and mortality. 
